, increased water use efficiency (Amthor, 1995) , increased photosynthetic capacity (Lawlor and Mitchell, 1991) , and changes in plant structure (Pritchard et al., 1999) and tissue chemistry (Lincoln et al., 1993) .
Effects of CO2 on belowground processes (including soil organisms) have received far less at tention. Reviews indicate that CO2 enhancement of root dry weight has been frequently observed and often the largest proportion of the extra whole plant biomass is allocated belowground (Rogers et al., 1994; 1996) . Early CO2 studies conducted under controlled environmental conditions with containerized systems have demonstrated C02-induced root increases (i.e., mass and/or length) in the upper soil depths (Del Castillo et al., 1989; Chaudhuri et al., 1990) or at all soil depths (Chaudhuri et al., 1986; Rogers et al., 1992) . However, since the growth conditions of these system's (i.e., confined rooting volume) are not reflective of agricultural fields (Sionit et al ., 1984; Thomas and Strain, 1991) , more current efforts have focused on conducting in-ground CO2 studies utilizing open top chambers (OTC) and free-air CO2 enrichment (FACE) systems . These field studies have shown that CO2 enrichment can increase biomass (Kimball et al., 1997) , alter plant root morphology (Prior et al., 1995) and the root system's capacity to explore soil volume through shifts in fine root distribution patterns (Prior et al., 1994; Weschsung et al., 1999) . Soil organisms can be beneficial or pathogenic and are responsible for the decomposition of organic matter and soil C storage. While the effects of elevated CO2 on community composition and activity of soil organisms remain understudied, these aspects of belowground biology have begun to receive increased attention (Patterson et al., 1997; Sadowsky and Schortemeyer, 1997) . However , studies to date have shown variable responses (Rice et al., 1994; Runion et al., 1994; Zak et al., 2000) . These results demonstrate the importance of conducting field experiments and the need for further studies that reflect actual management practices that encompass the abiotic and biotic conditions found in field environments.
Temperature is an important factor that can influence plant response to CO2. Leaf level pho tosynthesis is temperature dependent (Pearcy and Bjorkman, 1983 ) largely due to the temperature dependent specificity of rubisco for CO2 (Jordan and Ogren, 1984) . Although few studies have in vestigated the interactive effects of temperature and CO2, there is some evidence that greater growth stimulation can occur at higher vs lower temperatures under elevated CO2 conditions (Cure, 1985) . Idso et al. (1987) reported that elevated CO2 could decrease crop yields below 18 .5°C. However, a recent review (106 experiments) indicates no clear CO2 response pattern at low tem peratures since some species responded to increased CO2 at temperatures below 18°C while others did not (Morison and Lawlor, 1999) . These findings support the contention that plants growing in disparate temperature regimes may have widely different responses to elevated CO2 (Drake and Leadley, 1991) .
The potato (Solanum tuberosum L.) is well adapted to the cool growing season and longer day-lengths of Alaska and is the most economically important field crop grown there (Benz et al., 2002) . Potatoes have a large carbohydrate sink in the form of tubers and exhibit apoplastic phloem loading of sucrose which predisposes the species to large increases in yield with elevated CO2 (Miglietta et al., 1998; De Temmerman et al., 2002) . Experiments performed in both growth cham bers (Stutte et al., 1996; Wheeler et al., 1991) and in the field (Miglietta et al., 1998; Craigon et al ., 2002; Conn and Cochran, 2005) have shown that potato tuber yields generally increase with ele vated CO2. However, there are no documented studies on how elevated CO2 will impact fine root distribution or soil biology responses at higher latitudes characterized by lower temperatures and longer day-lengths. Soil cores (38 mm diameter) measuring 60 cm in length were collected to determine root length and mass density on July 27, 1994. Soil cores were taken in-row (0 m) and at distances of 0.19 and 0.38 m perpendicular to the row; 192 soil cores were taken, representing four cores per position within each plot. Pneumatic hammers for driving steel core tubes (lined with a thin walled butyrate tube) and electric core tube extraction devices were used to collect root-soil cores (Prior and Rogers, 1992) . Soil cores within the plastic tube liners (which were capped) were packed in ice and transported by air to the National Soil Dynamics Laboratory (NSDL), Auburn, AL, where they were placed in cold storage until processing. A hand-held electric band saw was used to cut each 60 cm core into four 15 cm segments. Roots were washed from each core segment with a hydropneumatic elutriation system (Gillison's Variety Fabrication, Inc., Benzonia, MI; Smucker et al., 1982) and stored in 20% ethanol (Bohm,1979) An additional set of three cores per plot were taken from directly beside randomly selected plants for soil biology assessment. The same steel core tubes (as described above with liners) were driven below a 15 cm depth with a sleeve-type post driver and manually extracted (Prior and Rogers, 1994) . These samples were also packed in ice and transported by air to the NSDL. For the soil microarthropod assessment, soil was extracted for relative populations of Collembola and Acari by a modified version of the Tullgren system as described by Wiggins and Curl (1979) . Soil samples in large funnels, with stems positioned over water in a collecting tube, were arranged in series under 40-W light bulbs. The animals, migrating in advance of the slowly drying soil (5-7 days) were collected live. Populations were expressed as numbers per kg of airdried soil. All analyses were performed using the general linear models procedure of the Statistical Analysis System (SAS, 1985) . Core position and depth increments were treated as split-plot treat ments within the overall study design and an average of the replicate core samples was used for statistical analyses. Proper error terms were specified for the split-plot treatment. Contrast statements were used to determine the significance between interacting main effect variables . Differences were considered significant at the P<0.10 level.
RESULTS AND DISCUSSION
Previous research has demonstrated that root growth usually increases under elevated atmospheric C02 conditions (Prior et al., 1994; Rogers et al., 1994; Weschsung et al., 1999) ; this encom passes findings from both growth chamber and field studies. However, in the present study no significant effect of C0; concentration was found for either root length or root mass density regardless of position or depth increment (Figs. 1 and 2 ). In this same study, Conn and Cochran (2005) reported a reduction in aboveground biomass allocation, with a concomitant increase in allocation 168 (22) Environ.
Control Biol. Populations and activity of soil organisms are known to be highly variable on both temporal and spatial scales (Wollum, 1994) ; the same holds true in elevated CO2 studies (Rice et al., 1994; Vol. 43, No. 3 (2005) (23) 169 Runion et al., 1994; Zak et al., 2000) . In the present study, there were no effects of CO2 concen tration on any soil organism parameter examined (Table 1) . High variability contributed to lack of difference in soil mesofauna measurements, however, nematode and dehydrogenase measurements did not reflect a high degree of variability. The fact that the field site had only recently been brought back into agricultural production may also have contributed to the lack of differences in soil organism assessments; this contention is supported in that the soil was virtually devoid of para sitic nematodes (data not shown). Perhaps, had the study been exposed to the CO2 treatments for multiple growing seasons, the changes in plant morphology, physiology, and phytochemistry from increasing levels of atmospheric CO2 (Conn and Cochran, 2005) may have been reflected in changes in soil organism populations or activity. In this study, CO2 had no affect on roots and soil organisms in field grown potatoes in the subarctic region of Alaska. It is likely that the low average growing season temperature may have limited these belowground responses to CO2. This region currently represents the northern limit of commercial agriculture in North America. However, global warming may extend the range of crop production and length of growing seasons in these northern regions (Myneni et al., 1997; Menzel and Fabian, 1999) . If temperatures should increase in this region, the response of crop plants (such as potato) to rising atmospheric CO2 could increase concomitantly.
